boy, aged 6i years. Chronic retention with a functionless left kidney, and gross dilatation of the right kidney and ureter. Wedge resection of the bladder neck carried out on October 16, 1950. The bladder now empties and the child's condition has improved. The left kidney remains silent and the right hydronephrosis and hydro-ureter have not decreased in size.
Section of Urology
President-ARTHUR JACOBS, F.R.F.P.S. [May 22, 1952] DISCUSSION ON THE CHRONICALLY DILATED URETER [Abridged] Mr. D. S. Poole-Wilson: In attempting to classify cases of mega-ureter the chief difficulty is the decision as to whether the dilatation is due to a lesion directly affecting the ureter itself (primary mega-ureter) or to back pressure arising from an obstructive lesion in the lower urinary tract (secondary mega-ureter). In the adult the distinction can usually be made; in children, especially in bilateral cases, the problem may be extremely difficult and ultimately only decided by the passage of time. Table I shows the main categories of chronic ureteric dilatation in each group: Secondary mega-ureter-Dilatation arising from so-called "back-pressure effects" due to:
1. Obstruction in the urethra or at the bladder neck 2. Chronic contraction of the bladder (a) Chronic infection (b) Tuberculosis (c) Interstitial cystitis 3. The neurogenic bladder SECONDARY MEGA-URETER There are long lists of the many lesions in the urethra and at the bladder neck which may give rise to chronic vesical retention and the gradual onset of dilatation of the ureters. In the adult the ravages of neglected prostatic hypertrophy or stricture formation are well known. In early adult life the gradual and often unrecognized progression of chronic retention resulting from Marion's disease, posterior urethral valves or unrecognized nervous disease, is a very real danger. In infancy and childhood the insidiousness of onset and the difficulties of diagnosis reach their peak. Instrumentation may-be difficult and fields of view with endoscopic instruments very small. At times it may be almost impossible to decide whether a bladder-neck obstruction is due to Marion's disease, posterior urethral valves or neurogenic causes.
The following illustrative cases were then shown:
(1) Anterior flap-valve at the bladder neck causing chronic retention with gross bilateral hydronephrosis.
(2) Marion's disease or fibrosis of the bladder neck.
(5) Bilateral hydronephrosis and mega-ureter due to urethral calculi. J. L., boy, aged 7J years. Developed acute retention due to urethral calculi (2.2.48) . A meatotomy was performed and the calculi removed. Subsequent examination revealed gross bilateral hydronephrosis and hydro-ureter. Following removal of the calculi the child passed urine well and had no chronic retention.
The boy has since been kept under continuous review. A calculus formed in the left kidney and was removed in 1951. Reassessment this year shows the presence of apparently stabilized bilateral hydronephrosis and hydroureter with no residual urine in the bladder. It is possible that this boy is really a case of bilateral idiopathic hydronephrosis and hydro-ureter with stone formation. He has been classified as secondary mega-ureter since calculi in the urethra had caused acute retention at the onset of his trouble.
PRIMARY MEGA-URETER No attempt was made to review all the causes of primary mega-ureter as it appeared more desirable to consider idiopathic mega-ureter in greater detail. The following illustrative cases were, however, shown:
(1) Mega-ureter resulting from chronic infection. J. R., girl, aged 12 years (26.6.46) . Right hydronephrosis 4nd mega-ureter apparently resulting from chronic infection. Urine sterilized under full courses of urinary antiseptics. Condition of right hydronephrosis and hydro-ureter has now remained unchanged over a period of six years.
(2) Post-caval ureter causing mega-ureter.
Miss T, aged 45. Moderate hydronephrosis and gross dilatation, of upper two-thirds of ureter.
(3) Ureterocele causing mega-ureter. B. G., aged 1 year (February 1950) . Ureterocele involving lower ureteric orifice of a complete duplication of the right ureter and pelvis. Gross dilatation of upper pelvis and ureter; moderate dilatation of lower pelvis and ureter. Marked recovery of hydronephrosis and hydro-ureter following excision of ureterocele (6.2.50).
(4) Mega-ureter in an ectopie ureter. L. B., girl, aged 3 years 11 months (October 1950) . Hydronephrosis and mega-ureter arising in an ectopic ureter. Complete duplication of the right pelvis and ureter. Ectopic ureter from upper segment opening just below external urethral orifice. Right nephrectomy (16.10.50).
(5) Bilateral incomplete duplication of pelvis and ureter giving rise to gross hydronephrosis of the upper pelvis and accompanying mega-ureter on either side. E. H., girl, aged 5j years (September 1949) . The duplicated ureters united either in the intramural region or immediately without the bladder wall. The upper renal segment and two-thirds of the accompanying megaureter were removed on either side (24.10.49 and 21.11.49).
IDIOPATHIC MEGA-URETER
In this group are gathered those cases of mega-ureter in whom no obvious cause exists to explain the dilatation. The diagnosis is made by a process of exclusion and is, of course, most firm when the condition is unilateral. Bilateral cases do occur but before accepting them it is well to be certain that the condition has been present for a considerable time, that there is no evidence of obstruction in the lower urinary tract and that no residual urine is present in the bladder.
A typical example of mega-ureter will present the following features:
(1) The condition is usually unilateral.
(2) The urine is uninfected. Infection and the development of pyonephrosis may occur.
(3) An I.V.P. may reveal a dilated ureter, the dilatation beingcommonly more marked at the lower end. The ureter may, of course, be grossly distended in its full length and associated with varying degrees of hydronephrosis. When renal damage is advanced the kidney may be functionless. A postmicturition bladder film should show no residual urine.
(4) Cystoscopy should reveal no abnormality of the ureteric orifice on the affected side. A catheter should run easily into the ureter, but at times may be held up by mucosal folds in the lower end of the ureter. I have never been able to satisfy myself in these cases regarding the diagnosis of strictures of the lower end of the ureter by the passage of ureteric catheters. A retrograde pyelogram and ureterogram should reveal the dilatation of the ureter and any accompanying pelvic and calyceal dilatation. Films taken following withdrawal of the ureteric catheter reveal slow emptying of the ureter. AETIOLOGY
No really satisfactory explanation of this condition has yet been advanced. Excised ureters have shown no definite anatomical defects. The condition does, however, appear prone to occur in conjunction with other congenital defects of the urinary tract. Two of my own cases had single kidneys.
The possibility of a disturbance of the autonomic system affecting the whole ureter has to be considered but seems very improbable.
The most commonly accepted view is that a neuromuscular dysfunction or state of achalasia exists at the utero-vesical junction.
The presence of this neuromuscular dysfunction is not readily explained. The condition may at first appear analogous to Hirschsprung's disease, but there are many objections to this point of view. Amongst my own cases of idiopathic mega-ureter there are no instances of Hirschsprung's disease. Twistington Higgins has also stated that amongst his patients suffering from Hirschsprung's disease he has failed to find any unusually high incidence of mega-ureter.
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There is also no real analogy between bowel and ureteric movement. It seems to be now generally accepted that, although there are sympathetic and parasympathetic fibres in the ureter, there are no ganglion cells. There is no equivalent to Meissner's plexus or Auerbach's plexus in the colon and no obvious mechanism for the establishment of local reflex movement. Contact with the nervous system also appears unnecessary for ureteric movement: it may be observed when the ureter has been completely removed from the body. In one of my own cases ureteric movement persisted for twenty minutes following a complete nephro-ureterectomy (including the ureteric orifice) for mega-ureter. The ureteric contractions were well marked but the ureter did not empty itself through'the ureteric orifice. No lesion was found at the ureteric orifice. Ureteric movement may apparently also take place in the absence of urinary flow. In ectopia vesica ureteric movement may be observed at a ureteric orifice weeks or months after the ureter has been transplanted into the colon. There would thus appear to be a form of autonomous movement in the ureter. The autonomic system may act on the pelvis and ureter as a regulator of the peristalsis and a controller of tonus in these organs. The dynamics of the ureter are still very poorly understood. No anatomical sphincters have been demonstrated in the ureter yet a segmental action appears to occur in the propulsion of urine. Idiopathic hydronephrosis appears to be due to spasticity at the pelvi-ureteric junction. It is possible that a similar spasm may occur at the uretero-vesical junction. In this region, however, the position is complicated by the ureter running through the bladder wall, contraction of which may also be a cause of obstruction.
Spasm of the ureter at the uretero-vesical junction may theoretically be due to either overaction of the sympathetic system causing relaxation of the ureter but spasm of the uretero-vesical region, or to absence of parasympathetic action giving rise to lack of tonus in the ureter and non-relaxation of the uretero-vesical region. The degree of action of the sympathetic and parasympathetic systems in the kidney and ureter is, however, not really known. Nareth aptly states that the views that the sympathetic system causes a decrease in mobility and tonus of the detrusor part in all sections but increase in contraction of the sphincters, and that the vagus causes increased mobility of the detrusor parts but relaxation of the sphincters-probably err in simplicity.
Sympathectomy has been recommended as a treatment for mega-ureter by section of the pre-sacral nerve (superior hypogastric plexus). The results have, however, been inconsistent. It is therefore perhaps worth while to consider the nerve supply of the ureter.
The renal pelvis and upper segment of the ureter receives its sympathetic supply from the coeliac, superior mesenteric and renal plexuses. The fibres follow the renal artery.
The parasympathetic supply is usually described as coming from the vagus via the cceliac ganglion.
Professor G. A. G. Mitchell, to whom I am greatly indebted for much help, informs me that there is a probability that the parasympathetic supply of the ureter may come entirely from the sacral segments via the hypogastric plexus, the pre-sacral nerve and the pre-aortic plexus and its branches to the ureter.
The mid-portion of the ureter receives its sympathetic supply from the spermatic and superior hypogastric plexuses. The lowest section is supplied through the inferior hypogastric (pelvic) and vesical plexuses.
The connexions of the sympathetic system are such that division of the pre-sacral nerve alone in no way ensures complete sympathetic denervation of the lower end of the ureters. Such extensive resections would be necessary as to render the procedure unjustifiable.
PROGRESS OF THE DISEASE
It seems probable that, in cases of true idiopathic mega-ureter, the progress of the disease is slow. In some instances, after a certain degree of dilatation has been reached, it is possible that the condition may stabilize itself. In the absence of infection the ureter remains supple and contractile, even though the kidney may be completely destroyed by hydronephrosis. It is, however, doubtful if such a ureter, even after treatment, is capable of shrinking to its normal calibre. Chronic infection, of course, gradually causes fibrosis of the wall of the ureter and surrounding tissues with the formation of permanent deformity. Even though such a ureter may be markedly kinked on itself I have never seen evidence of true stricture formation or organic obstruction.
TREATMENT
In the absence of exact knowledge of the aetiology of this condition, treatment must be empirical. A conservative outlook is desirable. When symptoms are minimal (perhaps confined to occasional mild loin pain), infection absent or controllable, and the lesion confined to mega-ureter with only a minor degree of renal dilatation, then it is well to avoid immediate operative procedures, a watching policy should be adopted and the course of the disease observed for months or years by periodic intravenous or, if necessary, retrograde pyelograms. In some instances the condition will thus be shown to have stabilized itself and no further treatment is necessary. If, however, it is progressing, then more active treatment may be advisable.
Various drugs have been recommended for increasing ureteric tone and mobility. Of these I have no practical experience.
As regards surgical procedures, sympathectomy by division of the pre-sacral nerve has been advised. Again I have no personal experience. Results in the literature are variable but on the whole disappointing. In this respect it must be remembered that division of the pre-sacral nerve does not cut off completely the sympathetic nerve supply to the lower ends of the ureters and it is therefore not surprising that the ultimate findings are inconclusive.
When the degree of mega-ureter is great and the kidney a functionless hydronephrotic or pyonephrotic organ then nephro-ureterectomy is the ideal form of treatment. It is usually desirable to remove the whole of the ureter as infection persisting in the lower segment of a dilated ureter may cause persistent pyuria and chronic cystitis.
If investigation shows that the mega-ureter is increasing and is accompanied by renal dilatation and diminishing function, then, and more especially in the presence of infection or bilateral disease, attempts must be made to facilitate the outflow of urine from the affected ureter into the bladder. To achieve this end the dilated ureter has at times been joined to the bladder by a side-to-side anastomosis without any separation of its lower end. More commonly the lower end of the ureter has been divided and the ureter reimplanted into the posterior or supero-lateral surface of the bladder. I have no experience of carrying out a side anastomosis. On theoretical grounds this operation does not appeal to me as there appears to be a danger of the lower end of the ureter remaining dilated and a site of chronic infection. In my own small series of cases I at first divided the ureter at its junction with the bladder, removed any excessive length of ureter and made a large anastomosis between the open end of the ureter and an opening made in the supero-lateral wall of the bladder. Care was taken to make sure that the anastomotic opening was at least a centimetre in diameter. Later it seemed probable that better results might bc obtained by reimplanting the ureter closer to its normal site.
More recently therefore the whole of the lower end of the ureter together with the ureteric orifice and a small margin of surrounding bladder has been excised. Any redundant ureter is removed and the lower end of the ureter then anastomosed to the opening into the bladder. The ureter therefore discharges at its original site into the bladder but through an entirely new orifice. The anastomosis of the ureter to the bladder is made by suturing the ureteric margin to the mucosal surface of the bladder with interrupted 5/0 plain catgut. The peri-ureteric tissues with the outermost wall of the ureter are then lightly sutured to the muscularis of the bladder by a few interrupted fine chromic catgut or silk sutures. By this means it is hoped to avoid stenosis at the anastomosis.
RESULTS OF TREATMENT
Eight cases have been treated. Originally the group was more numerous but in several inistances a 'waiting policy has shown that the mega-ureter has been due to infection or to mild bladder-neck obstruction with the result that these patients have had to be removed from the category of idiopathic mega-ureter.
The 8 cases may be grouped as follows: (October 1950) . The ureter was grossly dilated to within 2 cm. of the bladder.
The lower segment appeared to join the lateral aspect of the grossly distended portion (at cystoscopy the ureter was easily catheterised). Subsequent course uneventful. Urine sterile.
11. E. C., girl. aged 11 years (Februlary 1952 Left nephro-ureterectomy with ureteric orifice (10.3.52). The ureter showed peristaltic contractions for twenty minutes following removal but no urine came from the ureteric orifice.
Sections of the terminal portion of the left ureter were examined by Professor G. A. G. Mitchell, who reported no significant variations from the normal. A few small bundles of nerve fibres were seen alongside vessels but no nerve cells were detected. This girl has since remained well. An L.V.P. during November 1950 showed good excretion from each kidney and no change in the renal pelves or calyces. The lower end of the right ureter was not seen and was thought to be emptying freely into the bladder. An I.V.P. during March 1951 did not show the right kidney. The left kidney appeared normal and the left mega-ureter remained unchanged.
(ii) Implantation at original site of ureteric orifice. L. B. L., boy, aged 61 (1946) . Gross hydronephrosis and mega-ureter in a single right kidney. Boy first seen in 1946. Investigation revealed a very large right hydronephrosis with gross mega-ureter. The left kidney and ureter were absent. A mild urinary infection was present. It was decided that no surgical treatment was advisable.
During April 1951 he was again reviewed. His health was steadily deteriorating compelling him to rest in bed all day long. On examination the boy was thin and pale. A very large right kidney was palpable. The urine contained albumin and some leucocytes. Culture gave a growth of S. facalis and B. coli. An 1.V.P. showed no excretion from the right kidney. The blood urea was 40 mg. %.
On 23.5.51 a right nephrostomy was performed. The boy's general health immediately improved. On 6.6.51 the lower 5 cm. of the right ureter were removed together with the right ureteric orifice and a small portion of the surrounding bladder wall. The distal end of the ureter was then anastomosed to the opening in the bladder. There was no evidence of a stricture at the ureteric orifice in the removed specimen. The boy made a quick recovery. The nephrostomy tube was removed on 26.6.51. He subsequently passed urine normally.
This boy has remained well and is now back at school, where he plays cricket and swims. He has gained 14 lb. in weight. An I.V.P. shows fair excretion from the right kidney. There is no change in the size of the hydronephrosis.
IL B. C., boy, aged 6 years. Admitted to hospital during autumn 1950 with abdominal pain following a fall. Laparotomy revealed a large central retroperitoneal mass covered with haemorrhagic areas. This mass proved to be a large hydronephrotic kidney. No other kidney was found. A nephrostomy was performed and the child made a good recovery.
This boy was later kindly referred to me by Mr. H. M. Goldberg. During July 1951 an I.V.P. showed no renal function. Cystoscopy revealed a left ureteric orifice, which was easily catheterized. No ureteric orifice was found on the right side. A retrograde pyelogram revealed a low centrally placed kidney. The pelvis was large. The calyceal pattern was not seen in detail but suggested a centrally placed unrotated kidney. A few calyces appeared relatively normal in size.
On 17.12.51 the left ureter was exposed by an extra-peritoneal approach. The ureter appeared moderately dilated and owing to the position of the kidney was short. Half an inch of the lower end of the ureter together with the ureteric orifice was removed. The ureter was reimplanted at this site.
The boy made a good recovery. In due course when a spigot was placed in the nephrostomy tube the boy at first appeared to pass urine satisfactorily (180-200 c.c. at a time). Later micturition became less satisfactory and all efforts to encourage closure of the nephrostomy (including operative closure) were unsuccessful. A cystogram on 28.4.52 showed that the opaque fluid passed freely up the ureter and outlined the renal pelvis. The ureter did not appear dilated. Some narrowing was observed where the ureter joined the bladder, but no obstruction was apparent. On cystoscopy (28.4.52) the left ureteric orifice appeared remarkably normal. tndigocarmine introduced into the renal pelvis through the nephrostomy appeared in the bladder following gentle pressure in the kidney. The child remains fairly well but has a permanent nephrostomy.
CONCLUSIONS
No firm conclusions can be drawn from this small series of cases. It seems probable that no real progress will be made until more light is shed on the oetiology of this condition. A cautious approach to any radical treatment is indicated as a period of observation may alter the diagnosis or indicate that the condition has stabilized. Nephro-ureterectomy gives excellent results when the mega-ureter is unilateral and the kidney is not worthy of attempts at conservation. It cannot, however, be regarded as a curative operation.
No final opinion can be expressed regarding the value of excision of the lower end of the ureter and reimplantation of the ureter into the bladder. Certainly in one case remarkable immediate benefit has been obtained. Another has been a complete failure-possibly due to the very gross accompanying hydronephrosis. In the remaining 2 cases. the long-term results are still indeterminate. There is, however, a suspicion that renal function may be deteriorating in the kidneys above the transplanted ureters. This may possibly be due to back pressure caused by reflux up the ureter during each act of micturition or may be the result of mild chronic pyelonephritis, which is an ever-present danger both before and after operation.
Mr. D. Innes Williams: In studying the idiopathic dilatations of the ureter one is at once struck by the paucity of the information we possess regarding their natural history. Simple histological investigations have, so far, proved disappointing and it has seemed to me that if we are to learn more of these diseases we must first define with some care the clinical types which present themselves; we must trace the development of each type over the course of many years and the effects of operations so far devised, and when we have thus obtained a clearer idea of the disorders with which we are dealing, we may perhaps identify some definite pathology. Until that time we should do well to avoid the facile explanation which is implicit in the term "achalasia", refusing to allow our researches to be cramped by the a priori assumption that idiopathic dilatation of the ureter must have something in common with either Hirschsprung's disease or cardiospasm.
Enquiry into 78 clinical cases ofmega-ureter.-As a tentative approach to this investigation I wish to present a brief analysis of 78 clinical cases of mega-ureter in children upon whom I have been able to obtain a personal follow-up. The great majority of these children have been at the Hospital for Sick Children, Great Ormond Street, under the care of Mr. Twistington Higgins to whom I am deeply indebted (Table 1) . 
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Incidence of the disease as revealed by post-mortem statistics.-Some type of ureteric dilatation occurred in 103 out of 2,924 necropsies at the Hospital for Sick Children: infra-vesical obstructions (42 cases) are far more common that the idiopathic mega-ureters (10 cases); in fact there can be little doubt that the statement made by some authorities that bilateral hydro-ureter is a frequent cause of death in children is erroneous and results from the overlooking of urethral valves. Primary ureteric disorders appear to be very rarely even the initiating factor of a fatal disease; in 4 out of 6 of the unilateral cases, the mega-ureter was only an incidental finding.
In considering dilated ureters in general, it is first of the greatest importance to realize that the infant's ureter becomes dilated very much more readily than the adult's or even the child's. Thus in neonatal urethral obstructions it is not uncommon for the volume of urine in the ureters to equal or exceed the volume retained in the bladder.
When the ureter is very greatly distended it may appear to be thin-walled: in fact all our cases of mega-ureter could be shown, when collapsed, to be hypertrophied and I do not think atony alone is ever responsible for more than moderate dilatation. Not only is the muscle hypertrophied, but except with severe infections and acute obstructions it is actively contractile. However, once dilatation has reached a certain stage, the circular fibres are no longer capable of obliterating the lumen, so that as the wave of contraction spreads down the ureter it does not efficiently propel the urine towards the bladder. There is an important difference here between the acutely obstructed ureter and the chronically dilated one. In the former strong contractions of the upper ureter at first force the contents down to the dilated lower segment, but as the muscle relaxes fluid flows back up again. Finally the whole ureter is tensely distended and no contractions are seen. In the mega-ureters, on the other hand, although the entire length may be constantly full of urine, muscular activity is present but it is inefficient in propelling the contents. Moreover dilatation is invariably accompanied by elongation and therefore by kinking; the kinks become fixed by adhesions and are then partly obstructive. For these two reasons ureteric dilatation has a tendency to be self-perpetuating-a fact which may easily be demonstrated in the case of infravesical obstruction. For instance, in a case of valves in the posterior urethra there was reflux into the dilated right ureter. This ureter remained palpably dilated even while there was a catheter in the bladder: kinks at the lower end allowed dye to flow up yet did not allow drainage of urine. This kidney became infected after operation on the valves and had to be removed, so that we were able to confirm the obstructive effect of the kinks. It will therefore be clear, I believe, that since ureteric dilatation of more than moderate degree is apt to be selfperpetuating, the original cause of the dilatation may be no longer operative when the case is examined. In this connexion it is worth mentioning the observations of Greene (1944) who was able by means of repeated instrumental dilatation of the dog's ureter to produce a permanent mega-ureter with hypertrophied, hyperactive muscle and a progressive back-pressure effect on the kidneys. This work provides an experimental example of a process which I believe may often occur in the child: a transient initiating disturbance producing an irreversible change in the ureter.
Factors Capable of Producing Ureteric Dilatation
What we all have in mind in connexion with the mega-ureter is (d) a functional obstruction at the uretero-vesical jilnction, and in many cases no other explanation can be offered, but it will be worth discussing to begin with the possible effects of (a) infection, (b) reflux and (c) congenital abnormalities.
(a) Infection.-There seems little doubt that infection is capable of producing atonic dilatation of the ureter in much the same way as peritonitis produces paralytic ileus. In children this type of dilatation affects predominantly the lumbar ureter, as does the hormonal atony of pregnancy. This type, which we may call lumbar-ureterectasis occurs with simple urinary infection, below infected renal calculi, and below the congenital type of hydronephrosis.
(b) Vesico-ureteral reflux.-Then there was a distinct group of cases, 11 girls and one boy, with a moderate bilateral mega-ureter-again often most marked in the lumbar region. In each case there was at some early period a severe cystitis, and where a cystogram was performed during this stage a vesico-ureteral reflux could be demonstrated. In 5 mild cases there was a return to normal after a period of some months. In the remainder dilatation persists but during the time in which they have been followed (three to four years in most cases) it has not been progressive. It is suggested that cedema of the bladder base renders incompetent the valvular mechanism of the uretero-vesical junction during the cystitis: the force of the reflux together with the atony of the ureteric muscle is sufficient to produce a dilatation which, if severe enough, will be self-perpetuating. After the cystitis has settled, the bladder and ureteric orifices are cystoscopically normal, the only permanent change being in the ureters, which so readily become dilated during the first year of life.
(c) Congenital abnormalities.-In another group consisting of 4 girls, there was a bilateral megaureter associated with widely gaping ureteric orifices, such as have been illustrated by Marion under the heading of "beance congenitale". Although all these cases have had infected urine at one time or another, there has never been a severe cystitis nor has there been any evidence of bladder-neck obstruction. We have, of course, seen widely gaping orifices in the obstructed bladder, in tuberculosis, and in 3 cases of double ureters. In these girls, however, we have been forced to suppose that the gape is a congenital abnormality and that the free reflux which it allows, perhaps together with congenital defects of the ureteric muscle, has been sufficient to cause the dilatation.
Congenital faults in the ureteric wall might be expected to be common in the double ureters, and as already mentioned gaping orifices have been seen in 3: in 2 on the ureter from the lower pelvis, in 1 on a bifid ureter. In the greater number, however, the orifices have been normal in appearance, and it seems not unlikely that in some the dilatation was infective in origin. Perhaps one would have anticipated the reverse: that the infection would be secondary to the dilatation, but in 3 cases the contralateral single ureter was also affected and the dilatation was predominantly in the lumbar region. Moreover during the period under review, we have treated a considerably greater number of cases of recurrent infection in double ureters which showed no dilatation at all. In a recent case, the ureter from the lower pelvis of a double kidney was dilated down to a point approximately one inch from the bladder wall. Here it was kinked over a band and, although the hypertrophy extended only up to this point, it was very difficult to be certain whether this kink was the primary obstruction or whether the ureter already in the process of dilatation had become involved with the band.
Cases of ectopic ureter in girls have not been included in this series although in 6 out of the 7 cases which have been observed during the past three years the ureter has been dilated and it is by no means certain that a stricture at the lower end was always responsible. In one child, for instance, the ureter suddenly narrowed down at the level of the brim of the pelvis, and in another there was a saccular dilatation at the lower end. For want of a better explanation I am forced to suppose that the ectopic ureter is likely to have congenital faults in its wall as well as a strictured outlet. The localized saccular dilatation is also occasionally observed in association with congenital urethral obstruction and in the trifid ureter.
(d) Coming back to urinary obstruction as a cause of ureteric dilatation:
We may first take note of a curious group of boys in whom there appeared to have been some temporary disturbance ofbladder function. I am not, of course, concerned with those straightforward cases of bladder-neck and urethral obstruction in which radiological evidence of ureteric dilatation precedes the clinical observation of bladder distension: these are easy enough to spot on cystoscopy and have not been included in the series. However, there were two children who had had single attacks of acute retention lasting only a few days, and who afterwards appeared to regain normal micturition. On subsequent investigation the only discoverable abnormality was ureteric dilatation, DEC.-UROL. 2 unilateral in one case, bilateral in the other, with gaping of the ureteric orifices. In the two and three years following first investigation they have remained symptom free, the ureters are unchanged in one and somewhat improved in the other. The obvious problem here is to decide whether the transient retention could have been responsible for permanent dilatation with or without some other congenital fault. In 4 other cases, all boys, moderate bilateral mega-ureter was accompanied by serious renal failure, to which 2 have subsequently succumbed, and an ill-defined bladder disturbance. One child had a long history of urinary infection. There was never more than 2 oz. of residual urine but the bladder was flaccid, of large capacity, and poor sensation. Cystoscopy and cysto-urethrography revealed no abnormality other than reflux. The ureteric dilatation was not progressive although there was a steady deterioration of renal function. In another boy there was a history of a period of dribbling micturition, and a palpably distended bladder had been observed at another hospital. Once again, on our investigation, there was no residual urine; the bladder appeared cystoscopically normal except for slight dilatation of the ureteric orifices. These findings were confirmed at an open operation on the bladder.
Congenital obstruction at the lower end of the ureter may be of an organic nature as in ureterocele and uretero-vesical stricture. Ureterocele has been surprisingly uncommon in this series, considering how comparatively frequently it is seen in adult life. The degree of obstruction is seldom severe, so that the onset of symptoms may be postponed. Uretero-vesical protrusions of the lower end of the ureter from the.upper pelvis of the double kidney have been more common. They make interesting diagnostic problems but do not require special discussion here. Congenital uretero-vesical strictures, on the other hand, constitute a fairly high-grade obstruction and cause a progressive deterioration of renal function. The diagnosis of stricture is not always easy to establish since catheters will not invariably negotiate an orifice of normal calibre, but if the whip-ended bougie can be introduced and is gripped, whereas larger instruments prove impossible, the diagnosis may be regarded as certain.
The stricture extends throughout the length of the intramural ureter in these congenital cases and cystoscopically the orifice may appear to be raised on a slight pyramidal elevation. An extensive meatotomy may replace an obstruction to the ureter by a severe degree of vesico-ureteral reflux, and unless the obstruction was of a high grade the exchange may prove a bad one. We have had the depressing experience of observing an initial improvement, followed a year or eighteen months later by a marked deterioration. A short-term follow-up in these cases is useless.
Idiopathic mega-ureters.-In these cases the dilatation and hypertrophy extended down as far as the bladder wall yet the ureteric orifice was normal in calibre and cystoscopically of normal appearance. The solitary ureter where the contralateral organ is congenitally absent appears to be especially liable to this form of dilatation. It is difficult to decide whether this group is, in fact, a homogeneous one, or whether further subdivision will be necessary. Take first the unilateral cases. We know that the deformity may be present at birth and that provided the urine remains sterile the progress of dilatation is extremely slow, if perceptible at all. This type of case is the most familiar one in adult urology simply because of its slow progress. Exacerbation of symptoms may well be precipitated by conservative surgery as in a child of 11 who had had only a slight himaturia; his urine was sterile.
A transvesical ureteric meatotomy was performed and thereafter the urine became infected and the condition of the kidney deteriorated so rapidly that nephro-ureterectomy was necessary.
In the bilateral cases symptoms are obviously likely to appear at an earlier stage. Two of the girls had had a severe urinary infection, but in view of the degree of dilatation I was reluctant to believe that infection alone could be the cause. One boy, who apparently belongs to this group, had had an attack of anuria at the age of 6 months necessitating temporary nephrostomy. Bilateral ureteric meatotomy was performed when he was nearly 2, and when seen last year at the age of 10 he was clinically very well although the urine was hazy and pyelograms still showed well-marked dilatation.
The 2 cases of solitary ureter have both had recurrent urinary infections. Neither has had any surgical treatment as yet.
Only those cases with stone have been included in which I could feel sure that the ureteric dilatation was the primary condition. In all the stone was rounded and freely mobile, and in 2 the dilatation was bilateral although stones were present only on one side. It is clear from 2 of these cases andfrom the records of several earlier ones, which I have not been able to follow up myself, that simple removal of the calculus is invariably followed by the recurrence of an extremely similar concretion. Where the ureteric orifice has been stretched or cut so that it allows reflux, the resulting tidal disturbance in the ureter prevents the recurrence of stone although it may also prevent any improvement in the dilatation.
Mention must also be made of the type of mega-ureter in which there is a segment of normal calibre at the lower end. One has the impression from the literature that this is the type of aTiatomy which most surgeons expect to find but in my experience it has been rare-only two cases in this series in addition to the child with the double ureter already mentioned. In some of these cases there is undoubtedly an extrinsic obstruction due to a band or vessel running parallel to the superior vesical artery but rather above it, and, particularly where nephro-ureterectomy is performed through one incision, such an extrinsic obstruction may well be overlooked. However, there was certainly one postmortem case in which there was no obvious cause for the change from dilatation to normal. PATHOLOGY Since the demonstration of the absence of autonomic ganglia in the undilated segment of large intestine in Hirschsprung's disease, many urologists have felt that a similar pathology will be found to explain the mega-ureters, especially in view of occasional reports of co-existence of the two conditions in the same patient. However, unlike the bowel the ureteric propulsive contractions do not apparently require the intervention of a nervous reflex for their continuance; no ganglion cells are found within the muscle layers of the supra-vesical portions of the ureter and peristalsis continues in the presence of full doses of ganglion blocking drugs such as C.6. Ganglion cells are to be found in the neighbourhood of the intramural ureter but it is uncertain whether they are concerned with ureteric function and there is, as yet, no evidence that they are absent in cases of idiopathic megaureter. Svensen and his co-workers (1952) have suggested that certain disorders of bladder function attended by residual urine and ureteric dilatation may be due to a diminution in the number of these ganglion cells-not a complete absence as in Hirschsprung's disease-but there is at present no correlation between clinical'and pathological findings and no evidence at all that the ureter alone can be affected by this lesion.
The problems posed by the co-existence of bowel and urinary disturbance are not easily disentangled. In the older literature no distinction is made between true Hirschsprung's disease and what is now known as colonic inertia; we have at Great Ormond Street observed vesical retention without evident obstruction in association with colonic inertia but not in Hirschsprung's disease. A mild hydronephrosis was observed pre-operatively in one Hirschsprung case but this returned to normal after rectosigmoidectomy and there can be no doubt that the vast fecal masses which accumulate in either type of megacolon can be responsible for ureteric obstruction.
My views on the problems of treatment are, as yet, uncrystallized. I must again insist that a better knowledge of the natural history of the mega-ureter is essential to the evaluation of any method of treatment, and that the extremely slow progress observed in many cases may be held to contra-indicate all surgical interference. Any type of operation designed to enlarge or replace the ureterovesical junction is apt to substitute reflux for obstruction, and scarring around the operation site may eventually substitute severe organic for mild functional obstruction. I am inclined to advise nephroureterectomy in all unilateral cases which merit any surgical operation, and conservative surgery in bilateral cases only where there is an organic stricture, a rapidly progressive dilatation or an ineradicable infection. Mr. H. P. Winsbury-White said that there was no more depressing subject in surgery than the dilated ureter in children. These children were sent to hospital in fairly large numbers. The worst cases were dead before infancy was out, and many more were dead before adolescence was complete. A few reached adult life. The patchwork which the surgeon could do helped a little and occasionally there were obvious signs of improvement. But how lucky was the patient when the dilatation involved only one side of the urinary tract and the surgeon was able to excise the ureter and kidney when the opposite side was normal. To concentrate on the ureter when the bladder remained distended was not helping to get the best results. Reference had been made by both opening speakers to the fact that calculus was a complication of dilatation. In his experience in these days the only cases of calculus which he saw in children were secondary to dilatation, apart from those few tuberculous cases which one saw in sanatoria.
Mr. A. W. Badenoch referred to the so-called idiopathic dilated ureter as seen in the child, in the young adult, or in the older adult. He had seen 16 of these cases where there was no apparent cause for obstruction. The striking thing in these cases was that, considering the gross dilatation of the ureter, the symptoms were comparatively slight.
One man, aged 46, had one attack of colic and there were eighteen stones in the lower end of the massively dilated ureter. The majority of his cases had undergone nephrectomy, but he had in mind 4 cases which had been treated conservatively. In 2 of these the ureter had been divided and the cut end of the ureter implanted in the bladder. Both these cases had to have a nephrectomy on account of acute ascending pyelonephritis within two weeks. Incidentally, he wondered why Mr. Poole-Wilson removed the lower end of the ureter. The other 2 of the 4 cases had lateral anastomosis with the ureter left in continuity. One of these was a young boy who had been quite well now for a period of a few months. The other was a woman who had remained well, but radiologically her ureter was still of the same calibre. He agreed that they ought to treat these cases medically unless there was some pathological condition other than the dilated ureter or unless the symptoms were severe enough to warrant surgery.
Mr. D. Innes Williams, taking up what Mr. Winsbury-White had said about mortality, remarked that the post-mortem statistics at Gt. Ormond Street demonstrated that the children rarely died of a primary ureteric condition. Deaths occurred as a result of lower urinary obstruction.
Mr. D. S. Poole-Wilson said that he largely agreed with Mr. Winsbury-White. Death occurred frequently in the early days of life when obstruction at the bladder neck had caused gross renal damage.
Mr. Badenoch had mentioned the question ofidiopathic mega-ureter in adult life. Accurate diagnosis at this age was often difficult. He had seen several cases, which had been labelled idiopathic megaureter but when their early histories were investigated and the radiographs studied the diagnoses appeared at fault.
With regard to the removal of the whole of the lower end of the ureter in cases of idiopathic mega-ureter, it was felt that when the exact site and mode of obstruction in this region was not known, excision of the whole of the affected area and any redundant ureter was advisable. For idiopathic hydronephrosis, where a similar type of functional obstruction occurs, one removes in the Hynes-Anderson operation the whole area of the pelvi-ureteric junction. On the same basis in idiopathic mega-ureter one removes the lower end of the ureter and its entrance into the bladder. [June 26, 1952] DISCUSSION ON THE TREATMENT OF ANURIA Dr. E. M. Darmady: Just over four years ago I had the pleasure of addressing the Section on the treatment of anuria by the artificial kidney (Darmady 1948a). At that time the prognosis of cases of anuria was extremely grave. However, in the meantime considerable strides have been made in our knowledge and I think it is fair to say that the prospects for patients of this sort are considerably brighter. This, to my mind, is due to three factors, first to a better understanding of the pathology of the kidney in this condition, second increased knowledge of the natural history of the syndrome and third the methods designed to combat the "toxnMlia" of this form of renal failure. NOMENCLATURE OF THE SYNDROME Before passing to the consideration of treatment proper, I feel it is advisable to recapitulate some of the findings on the pathology of the kidney with special reference to the many xtiological factors concerned.
From the literature and from personal experience (Darmady, 1948b) one finds that there are well over 72 conditions which have been stated to be responsible for anuria. As a result a large number of names have arisen, some laying emphasis on the etiological factor, others laying emphasis on the pathological lesion, as for example traumatic anuria, crush anuria, crush syndrome, blackwater fever, reflex anuria, lower nephron nephrosis, hxmoglobinuric nephrosis, sulphanilamide anuria, &c. These cases have been characterized by an acute uremia with blood ureas rising to enormous levels. It is therefore not surprising that they were thought to be the same syndrome, and subsequent work has proved this to be so. For the renal lesion has been proved by histological methods and by dissection to be tubular changes affecting all parts of the nephron, which I feel wiser to designate as acute tubular necrosis.
EXPERIMENTAL STUDIES Before turning to the treatment it is as well to review the literature on experimental work on this subject. Because shock seemed to play such an important part, the most emphasis has been placed on work which is followed by renal vascular embarrassment. Therefore animal experiments were designed to assess the effect of interference to the blood supply to the kidney. Such experiments proved to be successful since it was found that the kidney tissue is highly susceptible to anoxia (Scarff and Keele, 1943) . For example Badenoch and Darmady (1947) found that if the renal artery was clamped for 120 minutes in a unilateral nephrectomized rabbit, the mortality rate was 100 %, for 90 minutes it was 60 %, whilst for 60 minutes the mortality rate wa9only 20 %. All the animals developed uremia and although the majority of those dying showed cortical necrosis, a few showed changes identical to acute tubular necrosis whilst the remainder recovered. Similarly Van Slyke et al. (1944) showed that in dogs the kidneys were more resistant to anoxia and the time of clamping could be considerably increased; the critical time was about four hours. By interpolations it can be assumed that the human kidney, being larger than the animal, is also more rqsistant to vascular embarrassment and the critical time probably about six to eight hours.
AssOcIATION WITH INTRAVASCULAR PIGMENT
Experiments in animals and man show that the normal kidney is perfectly able to excrete hamoglobin and its derivatives, for example in paroxysmal hamoglobinuria renal failure is rarely observed.
How then can the fact that intravascular pigment, which is so often seen in these cases, be explained? This, too, can be answered by experimental work. Yuile et al. (1945) , Badenoch and Darmady (1947) , have shown that if the rabbit kidney is damaged, either by clamping the renal arteries for a critical time, say ninety minutes, or by a sublethal dose of nephrotoxic poison, followed by an injection of stroma-free haemoglobin, there is a striking increase in the mortality rate. From this one
